Introduction
============

Repeated acute episodes in patients with chronic obstructive pulmonary disease (COPD) is a primary cause of repeated hospitalization and death. The mortality rate in patients with COPD is positively associated with the number of hospitalizations caused by acute exacerbations ([@b1-br-0-0-1298]). The frequency and severity of acute exacerbation of COPD (AECOPD) events are vital for predicting the prognosis of patients with COPD ([@b2-br-0-0-1298]). It was previously shown that non-infectious factors cause 20% of AECOPD cases, and most acute exacerbations of COPD are caused by infection ([@b3-br-0-0-1298]). Fever, pyoptomia, increased cough frequency and aggravation of dyspnea are common clinical symptoms in patients with COPD at the acute exacerbation stage. Patients may even require admittance to an intensive care unit due to respiratory failure and require assisted breathing. Acute exacerbations in patients with COPD increases airway inflammation, increases the synthesis of inflammatory factors, activates the complement system, and results in increased inflammation in the body ([@b4-br-0-0-1298]).

Increased airway inflammation is frequently observed in AECOPD. As infectious factors are the most critical factors inducing AECOPD, the emergence of AECOPD may result in aggravation of the body\'s inflammatory response, which would inevitably result in changes to indicators of infection in blood circulation ([@b5-br-0-0-1298]). This infectious inflammatory standard is essential for the diagnosis and treatment of AECOPD ([@b6-br-0-0-1298]). For several years, researches have been looking for markers of infectious inflammation in the blood during acute exacerbations of COPD. Thus far, several related markers have been identified, including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cell (WBC) count and neutrophil percentage (NE%), which are commonly used in determining the acute exacerbations and severity of COPD in patients during hospitalization ([@b7-br-0-0-1298],[@b8-br-0-0-1298]). Other, less conventional markers include triggering receptor expressed on myeloid cells-1, tumor necrosis factor receptor-α, interleukin (IL)-8 and IL-6 and matrix metalloproteinases (MMPs) ([@b9-br-0-0-1298]); yet, these markers are not widely used clinically, which may be due to the complexity of detection methods.

Previously, a novel infectious marker, procalcitonin (PCT), has been used as an indicator of infection during AECOPD. PCT and other infectious inflammatory factors are associated with the progression of COPD; but there are relatively fewer studies on the prognostic value of PCT in COPD ([@b10-br-0-0-1298]).

Repeated AECOPD events and the number of hospitalizations are important factors associated with the increase of mortality in patients with COPD. Therefore, the aim of the present study was to determine whether the PCT levels at admission in patients with AECOPD was associated with the number of hospitalizations of patients due to acute exacerbations following the initial discharge; and whether the prognosis of patients with COPD could be predicted by monitoring PCT levels. Briefly, patients with different levels of PCT were followed up by telephone for 6 months and relevant outpatient medical records were used to investigate whether PCT levels were a useful metric for predicting the prognosis of patients with COPD. WBC, NE%, CRP and ESR values detected on admission were collected, and analyzed to determine whether there was an association between PCT and these traditional inflammatory markers of infection. Additionally, the number of days of hospitalization, the cost of hospitalization and the levels of PCT were analyzed to assess whether the levels of PCT were associated with the length of stay and the cost of hospitalization.

Patients and methods
====================

### Patients

A total of 110 patients who were admitted to the First Affiliated Hospital of Guangxi Medical University for AECOPD between January 2017 and June 2018 were enrolled. The inclusion criteria were as follows: i) Patient or legal guardian provided signed informed consent; ii) patient diagnosed according to diagnostic criteria of the global initiative for chronic obstructive lung disease guidelines and graded as D ([@b11-br-0-0-1298]); and iii) patient tested for PCT by blood sampling within 24 h of admission. Patients with a tumor, bronchial asthma, tuberculosis, severe liver or renal insufficiency, or had any other sites with definite infection were excluded.

Data on 792 patients who experienced AECOPD was collected. Among these, there were 391 patients who were not tested for PCT within 24 h of admission (PCT examination was not included in the medical insurance, and/or patients/patients\' guardian refused the test), 36 patients with complicated tumors, 25 patients with severe liver and renal insufficiency, 11 patients with bronchiectasis and infection, 9 patients with bronchial asthma, 8 patients with tuberculosis, 6 patients with urinary tract infection and 5 patients with ringomycosis, all of whom were excluded from the present study. In the positive group, serum PCT levels ≥0.1 ng/ml were observed in 55 patients, including 51 males and 4 females. The mean age ± standard deviation was 72.49±10.57 years. The serum PCT in the 55 patients from the negative group was \<0.1 ng/ml; there were 52 males and 3 females in this group, and the mean age was 71.74±9.29 years old ([Table I](#tI-br-0-0-1298){ref-type="table"}).

All patient data were obtained from the medical record information management system (DT Health 6, Donghua digital hospital information management system) of the First Affiliated Hospital of Guangxi Medical University. Patients were divided into groups according to the levels of PCT; PCT \>0.1 ng/ml, positive group and PCT \<0.1 ng/ml, negative group.

Data on PCT, ESR, CRP, WBC counts, and NE%, hospitalization expense and hospitalization days were collected and sorted through the auxiliary examinations during hospitalization of a total of 110 patients in the two groups. At the same time, these patients were followed up by telephone every month for 6 months, including reviewing the patient\'s medical records to obtain the relevant patients\' information. The frequency of reoccurrence of AECOPD within half a year and the outcomes after discharge were observed. December 25, 2018 was set as the final observation date.

### Statistical analysis

The obtained data were statistically processed by SPSS version 23 (IBM Corp.). The measurement data were tested for normality and homogeneity of variance. The measurement data conforming to normal distribution are expressed as the mean ± standard deviation, and the difference between groups was assessed using a Student\'s t-test. The measurement data with skewed distribution are expressed as median and the interquartile range. If the correlation analysis between the two variables satisfied the linear correlation, Pearson linear correlation was used; if not, Spearman\' rank correlation analysis was used. The number of AECOPD events occurring within half a year between the two groups was analyzed using a χ² test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Patient characteristics

After screening for the inclusion and exclusion criteria, 301 patients met the criteria. There were 55 patients with PCT ≥0.1 ng/ml and 246 patients with PCT \<0.1 ng/ml. The 55 cases with PCT ≥0.1 ng/ml were used as the PCT positive group, and 55 of the 246 individuals with PCT \<0.1 ng/ml were randomly selected for inclusion in the PCT negative group. There were no statistically significant differences in sex and age between the two groups (P\>0.05). In the PCT-positive group, 45 patients (44 men and 1 woman) had a history of long-term smoking, and two patients had a history of long-term dust exposure. In the PCT negative group, 50 patients had a history of long-term smoking, 2 female patients and 1 male patient had a history of long-term dust exposure. In the PCT positive group, there were 11 patients with hypertension (20%), 1 patient with type 2 diabetes (1.8%), 3 patients with coronary heart disease (5.4%), 4 patients with ≥2 diseases (7.0%), and 11 patients with other diseases (20%). In the PCT-negative group, 12 patients (22.0%) were associated with hypertension, 2 patients (3.6%) with type 2 diabetes, 2 patients (3.6%) with coronary heart disease, 4 patients (7.0%) with ≥2 diseases and 14 patients (36%) with other diseases. Patients in both groups were discharged with inhaled corticosteroids + long-acting β agonist + long acting anticholinergic agents, without glucocorticoids or antibiotics. After discharge, 35 patients in the PCT positive group received regular medication during the COPD stable period, and 16 patients received irregular medication. After discharge, 33 patients in the PCT negative group received regular medication during the COPD stable period, and 18 patients received irregular medication ([Table II](#tII-br-0-0-1298){ref-type="table"}).

### Comparison of other inflammatory indicators between the PCT positive group and the PCT negative group

In the PCT positive group, the CRP levels were 50.86±33.49 mg/l, whereas in the PCT negative group they were 18.21±13.90 mg/l, t =6.677. This difference was statistically significant (P\<0.05). In the PCT positive group, ESR fluctuated at 40.38±19.89 mm/h, whereas in the PCT negative group, it fluctuated at 17.28±12.37 mm/h, t=7.312 (P\<0.05). The WBC count in the PCT positive group was 11.05±6.24x10^9^/l, whereas in the PCT negative group it was 8.50±3.37x10^9^/l, t=2.624 (P\<0.05). In the PCT positive group, NE% was 0.78±0.11, and in the PCT negative group it was 0.71±0.12, t=3.177 (P\<0.05). The serum levels of CRP, ESR, WBC and NE% in the PCT positive group were all higher compared with the PCT negative group ([Table III](#tIII-br-0-0-1298){ref-type="table"}, [Fig. S1](#SD1-br-0-0-1298){ref-type="supplementary-material"}).

### Correlation between PCT with CRP, ESR, WBC and NE% in patients with acute exacerbations of COPD

PCT, CRP, ESR, WBC and NE% of the 110 patients were analyzed. The results of Pearson correlation analysis were as follows: PCT was positively correlated with CRP (R=0.301). There was no significant correlation between PCT and ESR. PCT was positively correlated with WBC count (R=0.512), with NE%, (R=0.212). Furthermore, PCT was positively correlated with CRP, WBC and NE% in patients with AECOPD, and PCT showed positive association with the increase of the aforementioned indicators. There was no significant correlation between PCT and ESR ([Table IV](#tIV-br-0-0-1298){ref-type="table"}, [Fig. S2](#SD2-br-0-0-1298){ref-type="supplementary-material"}).

### Comparison of hospitalization expenses between the PCT positive and PCT negative groups

The inpatient expenses of the PCT positive group were 26,666.04±21,702.25 yuan, and the inpatient expenses of the PCT negative group were 19,034.96±11,740.26-yuan, t=3.146, and the difference was significant (P\<0.05). These results suggest that the hospitalization costs of patients in the PCT positive group were higher compared with the PCT negative group.

Pearson correlation analysis was performed to analyze the hospitalization expenses of the two groups. The results suggested that PCT was positively correlated with hospitalization expenses and that the hospitalization expenses increased in-line with an increase in PCT levels (R=0.315, P\<0.05).

Spearman correlation analysis was performed on the number of days in hospital and PCT levels in the two groups, and the results suggested that PCT was positively correlated with the number of days spent at hospital in the patients with acute onset of COPD (R=0.312, P\<0.05), and the number of days at hospital increased with an increase in PCT level ([Table V](#tV-br-0-0-1298){ref-type="table"}).

### Follow-up results of patients in the two groups

After the discharge of AECOPD patients from both groups, each patient was followed up by telephone for 6 months to observe the 6-month survival rate in both groups and the risk of recurrence of AECOPD events after discharge. In the PCT-positive group, 8 patients died within 6 months after discharge, including one death due to cerebral infarction, 1 sudden death due to unknown cause, and six deaths due to acute exacerbation of COPD. In the PCT positive group, 2 patients died due to acute exacerbations of COPD with one acute exacerbation, 3 patients died due to two acute exacerbations, and 1 patient died due to four acute exacerbations. Of the remaining 47 patients, 2 were lost to follow-up, and 20 of the remaining 45 patients were hospitalized with acute exacerbations of COPD, including 13 patients with one acute attack, 3 patients with two acute exacerbations, 3 patients with three acute exacerbations, and 1 patient with six acute exacerbations. In the PCT-negative group, 4 patients died within 6 months of discharge; 3 patients died from acute exacerbations of COPD, and 1 from other causes. All patients in the PCT negative group died from acute exacerbation of COPD with one acute exacerbation. Additionally, 3 of the remaining 51 patients were lost to follow-up, and 11 of the remaining 48 patients were hospitalized with acute exacerbations of COPD within half a year, where 7 patients had one acute exacerbation of COPD and 4 patients had two acute exacerbations. The number of AECOPD events occurring within half a year between the two groups was analyzed by SPSS 23.0 software using a χ² test. The difference between the two groups was statistically significant (χ²=5.923, P\<0.05), indicating that the risk of AECOPD events in the PCT positive group within 6 months was significantly higher compared with the PCT negative group ([Table VI](#tVI-br-0-0-1298){ref-type="table"}).

Discussion
==========

PCT is a non-hormone-active protein composed of 116 amino acids, with a molecular weight of \~13,000 kDa and was first discovered in 1992([@b12-br-0-0-1298]). The production of PCT is rather complex. PCT is primarily generated by calcitonin cleavage in thyroid C cells, whereas some PCT may be synthesized by other cells. For example, certain patients with small-cell lung cancer have increased blood PCT levels, suggesting that specific neuroendocrine cells in the lungs may synthetize PCT ([@b13-br-0-0-1298]). Physiologically, PCT is primarily produced by thyroid C cells; however, when the body is infected, PCT may be produced by other organs as well ([@b14-br-0-0-1298]). PCT levels are also significantly increased in sepsis patients with thyroid resection ([@b15-br-0-0-1298]). PCT levels in healthy adults are low, generally \<0.1 ng/ml; however, PCT has high sensitivity and specificity, and levels are significantly increased in the presence of bacterial infection, sepsis and other conditions, and may increase by \>1,000 times the baseline value ([@b15-br-0-0-1298]). PCT can be detected within 2-4 h of infection and peaks within 6-24 h. Its half-life in blood circulation is 25-30 h. The only available pathway for removal is renal metabolism, and the metabolism of PCT is slightly prolonged in patients with renal dysfunction ([@b16-br-0-0-1298]). PCT is not affected by drugs such as glucocorticoids and non-steroidal drugs, and is not affected by the body\'s own immune response, and thus, the levels do not significantly increase in patients with viral infections ([@b17-br-0-0-1298]). At present, PCT has been widely used to guide the use of antibiotics in clinical practice, and may also be used to predict the prognosis of certain diseases ([@b18-br-0-0-1298]).

In the present study, 110 patients with COPD were divided into a PCT positive and PCT negative group. Analysis showed the mortality rate and readmission due to AECOPD events in the PCT positive group were higher compared with the PCT negative group. These results highlight the potential predictive value of PCT levels in patients hospitalized with AECOPD, and may be used to guide prognosis following discharge. Patients with high PCT levels are at an increased risk of re-exacerbation due to COPD compared with those with relatively lower levels of PCT. It has been reported that the PCT levels may be useful for predicting the mortality and prognosis of community-acquired pneumonia (CAP), and the PCT levels at admission may be used to predict the severity, prognosis and risk of death due to CAP ([@b17-br-0-0-1298]). Most acute exacerbations of COPD are caused by infection, particularly respiratory tract infection, whereas CAP is a relatively common disease. Infection may be associated with the significance of PCT in the prognosis of patients with COPD, and thus requires further study to verify this hypothesis. The number of days of hospitalization and hospitalization costs of patients with higher levels of PCT and AECOPD were analyzed, and there was a significant correlation between patients with higher PCT levels with cost and number of days of hospitalization. Therefore, this indirectly suggests that the patientswith COPD with higher PCT levels exhibited more severe exacerbations.

Commonly used markers of infection used clinically and PCT levels were statistically analyzed in the present study. C-reactive protein is an acute reactive phase protein, and the levels increase in the body within 6-9 h, and has good diagnostic value of infectious diseases ([@b19-br-0-0-1298]). The WBC count is significantly increased during infection; but an infection is usually determined by combining the percentage of centrioles ([@b20-br-0-0-1298]). ESR is also valuable for the determining activity or quiescence of a disease and for monitoring changes in disease condition. Based on the degree of inflammation in the two groups of patients in the present study, the levels of CRP, ESR, WBC and NE% were higher in the PCT positive group compared with the PCT negative group. Additionally, among all the patients included in the present study, the PCT levels and the levels of inflammatory indicators suggested that the changes in PCT and CRP, WBC, NE% were positively correlated, although there was no correlation between PCT and ESR. It can be inferred from the above results that PCT, may be a novel inflammatory marker which is correlated with the levels of certain established markers. The correlation coefficients of PCT with WBC was slightly higher, whereas the correlation coefficients with CRP and NE% were lower, suggesting that PCT is not highly correlated with WBC and NE%. However, the above results suggest that PCT levels may be affected by certain inflammatory cytokines in the serum.

The present study has some limitations. In the study, there were 110 patients divided into two groups, which is a relatively small sample size. Due to time limitations, the follow-up time was only half a year. Additionally, fewer women were enrolled. Consequently, the results of the present study cannot be generalized to all patients with COPD. Future studies should include larger cohorts and longer follow-up times. They should also account for the influence of season on the incidence of COPD, and include other inflammatory indicators to screen out the most specific indicators for prognosis of COPD. Another limitation of the present study is that patients were followed up with a telephone call every month. Plotting Kaplan-Meir curves plot for exacerbation and death would be beneficial for statistically analyzing exacerbations and mortality. Unfortunately, the time of acute exacerbations and the time of death after discharge were not recorded.

In summary, the PCT levels during AECOPD may reflect the severity of the onset of COPD. Thus, PCT levels may be used as a reference to predict prognosis. Patients with AECOPD with high PCT levels should be more closely monitored and should undergo regular reviews and prescribed drugs following discharge if necessary. PCT levels are also affected by other inflammatory factors in the serum, thus disease assessment and prognostic risk of patients can be evaluated in combination with a number of other established factors.

Frequent exacerbations of COPD have an adverse impact on the long-term survival rate of patients with COPD. Thus, more sensitive and accurate indicators are required for evaluating prognosis.
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###### Comparison of serum inflammatory factors between the PCT positive group and PCT negative group. Serum levels of (A) CRP, (B) ESR, (C) WBC count and (D) NE% in the PCT positive group were all higher compared with the PCT negative group. PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; NE%, percentage of neutrophils.

###### Correlation analysis between PCT and other inflammatory factors. PCT was positively correlated with (A) CRP, (C) WBC and (D) NE% in patients with acute exacerbation of chronic obstructive pulmonary disorder. (B) There was no significant correlation between PCT and ESR. PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; NE%, percentage of neutrophils.
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###### 

Age and sex distribution among the PCT positive and negative groups.

          PCT positive   PCT negative        
  ------- -------------- -------------- ---- ------
  50-59   7              7/0            6    6/0
  60-69   13             11/2           12   12/0
  70-79   20             20/2           23   23/0
  80-89   13             13/0           14   11/3
  \>90    2              2/0            \-   \-
  Total   55             51/4           55   52/3

PCT, procalcitonin; M, male; F, female.

###### 

Compliance during remission in the PCT positive and negative groups.

  Group          Standardized medication   Nonstandard medication   Total
  -------------- ------------------------- ------------------------ -------
  PCT positive   35                        16                       51
  PCT negative   33                        18                       51

PCT, procalcitonin.

###### 

Comparison of levels of serum inflammatory factors between the PCT positive and negative groups (mean ± SD).

  Factor               PCT positive   PCT negative   t       P-value
  -------------------- -------------- -------------- ------- ---------
  CRP, mg/l            50.86±33.49    18.21±13.90    6.677   \<0.05
  ESR, mm/h            40.38±19.89    17.28±12.37    7.312   \<0.05
  WBC count, 10^9^/l   11.05±6.24     8.50±3.37      2.624   \<0.05
  NE%                  0.78±0.11      0.71±0.12      3.177   \<0.05

PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; NE%, percentage of neutrophils.

###### 

Correlation analysis between PCT and other inflammatory factors.

  Factor   R       P-value
  -------- ------- ---------
  CRP      0.201   \<0.05
  ESR      0.150   \>0.05
  WBC      0.512   \<0.05
  NE%      0.212   \<0.05

PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; NE%, percentage of neutrophils.

###### 

Comparison of hospital expenses between the PCT positive and negative groups.

  Groups         No. of cases   Hospitalization expenses, RMB^[a](#tfn1-br-0-0-1298){ref-type="table-fn"}^
  -------------- -------------- ----------------------------------------------------------------------------
  PCT positive   55             26,666.04±21,702.25
  PCT negative   55             19,034.96±11,740.26

^a^t=3.146, P\<0.05. PCT, procalcitonin; RMB, Chinese Yuan.

###### 

Follow-up of the patients in the PCT positive and negative group.

  Follow-up investigation   PCT positive, n (%)   PCT negative, n (%)
  ------------------------- --------------------- ---------------------
  Acute exacerbation        26 (47.2)             14 (25.4)
  Stable phase              25 (45.5)             37 (67.2)
  Loss to follow-up         4 (7.3)               4 (7.3)
  Total                     55                    55

PCT, procalcitonin.
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